Background and Purpose: Stroke is one of the leading causes of mortality and long-term disability. Prompt diagnosis and treatment of stroke are crucial for a better outcome. A blood test, which serves as a biomarker in rural areas will help in immediately transferring patients to a hospital for thrombolytic therapy. The aim of the present study was to examine the role of ischemia modified albumin (IMA) as a screening biomarker in acute ischaemic stroke. Materials and Methods: Serum samples were collected from 50 patients with acute ischaemic stroke within one, 24, 48, 72 and 144 h of time of admission for IMA. We compared patients' 1st-hour value with age-and sex-matched controls by independent sample t test. p value < 0.05 was considered significant. Results: The serum IMA levels of patients 1st hour (108 ± 8.9) were significantly higher than those of the controls (79 ± 6.3) p < 0.05. The IMA levels showed a steady decline at 1 h (108 ± 8.9), 24 h (94 ± 4.2), 48 h (82 ± 6.1), 72 h (77 ± 5.6) and 144 h (76 ± 3.8) of admission in patients. Conclusion: We observed that serum IMA was significantly higher in stroke patients as compared to controls. IMA was elevated in the acute phase of stroke and had a gradual graded decline over 1 week. We concluded that IMA may be a sensitive and rapid biomarker for screening of early ischaemic stroke in rural settings.
Introduction
Stroke is one of the leading causes of mortality and long-term disability [1] . Prompt diagnosis and treatment of stroke are crucial for a better outcome. Clinical history and neuroimaging remain the cornerstone in the diagnostic procedures of stroke. Though neuroimaging clinches the diagnosis, a blood test that is sensitive, rapid and cost effective would help to rapidly identify stroke in rural areas, which in turn will help in immediately transferring patients for thrombolytic therapy. In rare cases of stroke mimics, a biomarker may further help in clarifying the diagnosis [2] .
Oxidative stress is thought to play an important role in brain damage after stroke [3] , wherein significant amounts of oxygen-free radicals are liberated. The N terminal of DOI: 10.1159/000488188 human serum albumin is unstable and more prone to degradation especially during oxidative stress. There is a decrease in its binding capacity for transitional metals like Cu and Co. This is termed as ischemia modified albumin (IMA). IMA has been reported earlier to be a sensitive marker for myocardial ischemia [4, 5] .
However, limited studies are available regarding the role of IMA in acute ischaemic stroke [6] . The aim of the present study was to examine the role of IMA as a biomarker in acute ischaemic stroke.
Materials and Methods

Subjects and Specimen Collection
Fifty patients diagnosed with acute ischaemic stroke were enrolled in the study. Demographic data and risk factors of stroke for each patient was collected. Patients with haemorrhagic stroke (HS) and acute coronary syndrome (ACS) were excluded from the study. Ischaemic stroke was classified according to the Oxfordshire community stroke project (OCSP) [7] . Stroke severity was classified according to National Institute of Health Stroke Scale (NIHSS) [8] . Up to 3mL of blood sample was collected from each patient within 1, 24, 48, 72, and 144 h of the time of admission and centrifuged to obtain the serum. The time of the stroke was noted for each patient. The serum sample was used for analysis for IMA. Fifty age-and sex-matched healthy subjects were included in the study, as controls and a single blood sample was obtained. All the specimens were stored at -20 ° C until further analysis.
Analysis of IMA in Serum Sample
Albumin Cobalt Binding Assay (IMA) The assay is based on the theory that cerebral ischemia causes changes in human serum albumin metal binding sites that are demonstrated by reduced exogenous cobalt (II) binding [9] . The concentration of ischemia modified serum albumin can be determined by the addition of a known amount of cobalt (II) to a serum specimen and measurement of the unbound cobalt (II) by colorimetric assay using dithiothreitol (DTT). An inverse relationship thus exists between the level of albumin bound cobalt and the intensity of the colour formation [4] . IMA assay was standardized in the division of Biochemistry of Central Clinical laboratory and a standard curve was prepared in the range 05-50.0 g CoCl2/mL. One IMA unit was defined as "g of free Co (II) in the reaction mixture per ml of serum sample". Measurement results were reported in IU/L. All patients gave their informed consent and the study was approved by the Institutional Ethical Committee.
Statistical Analysis SPSS 12 statistical software package was used (SPSS Inc., Chicago, IL, USA). Continuous variables were described as mean and SD. Comparison of means was done between patients and controls by the independent sample t test. Correlation analysis was done between IMA and NIHSS and different stroke subtypes. p value < 0.05 was considered significant.
Results
Sixty-one patients who were clinically diagnosed as stroke were included in the study. Five patients with HS and 6 patients with ACS were excluded from the study after appropriate investigations. Fifty patients were included in the study. The mean age of the patients and controls was 58 ± 5.6 and 56 ± 2.9 years respectively. Male and female ratio was 3.5: 1. Sixteen (32%) were hypertensive and 20 (40%) were diabetic, 8 (16%) were both hypertensive and diabetic and 6 (12%) were normotensive and non-diabetic subjects. Systolic and diastolic blood pressure was significantly raised in the patients when compared to controls (p = 0.04/0.03). The demographic data of patients and controls is shown in Table 1 . OCSP classification showed Total anterior circulation Infarct (11), Partial anterior circulation Infarct (13), Lacunar Infarct circulation Infarct (16), Posterior circulation stroke (10) . NIHSS scale was 25 ± 15. Table 1 shows the biochemical parameters of patients and controls. The fasting plasma glucose was significantly elevated in patients (136 ± 12) than controls (85 ± 6.1; p < 0.05). Increased levels of serum triglycerides were observed in patients (160 ± 11.5) than controls (144 ± 7.2; p = 0.03). The IMA levels of 1st h serum sample of patients (108 ± 8.9) were significantly higher than those of the controls (79 ± 6.3 IU/L) p < 0.02. We did not note any significance between IMA levels of 4th, 24th, 48th, 72nd, 144th h and control subjects. The IMA levels showed a steady decline at 1 h (108 ± 8.9 IU/L), 24 h (94 ± 4.2 IU/L), 48 h (82 ± 6.1 IU/L), 72 h (77 ± 5.6 IU/L) and 144 h (76 ± 3.8 IU/L) of admission in patients. The time of collection of samples and the time of stroke are shown in Figure 1 . The remaining biochemical parameters did not show any difference between patients and controls. There was no statistical difference of IMA levels between the different stroke subtypes (OCSP) or the stroke severity (NIHSS). The overall sensitivity of IMA for the diagnosis of acute ischaemic stroke was 85.71% (95% CI 72.76-94.06) and the overall specificity was 84.31% (95% CI 71.4-92.98).
Discussion
We estimated the IMA levels in 50 stroke patients and compared to age-and sex-matched controls. We excluded ACS, as there is evidence that IMA levels raise in coronary ischemia. We excluded HS from the study, as prognosis and outcome are different from ischaemic stroke. We found serum IMA was significantly higher in stroke patients as compared to controls. This significance was only for the first hour, which corresponded to patients having stroke within 8 h. Subsequent IMA levels did not show any difference between control subjects. Our study did not find any difference in the different stroke subtypes and IMA levels probably indicating that IMA levels increase in stroke irrespective of the size and area involved. There was no difference in the IMA levels and the stroke severity. However, we did not have a follow up NIHSS of the patients to know the prognostic value of IMA. To demonstrate the prognostic utility of a biomarker, a larger sample and prospective design are required. However, a cross sectional study with a smaller sample like our study is enough for demonstrating its usefulness as a diagnostic test [10] . Our results are in agreement with the earlier studies that IMA level increases in stroke patients, particularly in ischaemic stroke patients [11] . We also evaluated serial IMA levels over 1 week. Our study showed that IMA was elevated in the acute phase of stroke and had a gradual graded decline over 1 week. Stroke is characterized by lack of blood circulation and oxygen to the affected area. Reactive oxygen species have been implicated in brain injury after stroke. The cascade of inflammatory and oxidative stress post stroke is responsible for the clinical deterioration of the patient. Reduced oxygen supply to brain causes localized acidosis and the generation of free radicals. Ions like copper and zinc, which are normally bound to proteins in the plasma are released from protein-binding sites and circulate in the free form [12] . The N-terminus of albumin, which normally binds transition metals, however, is susceptible to biochemical alteration [8] . It is postulated that albumin acts as a "sacrificial" antioxidant to reduce injury during reperfusion [13] . The altered form is referred to as IMA. Following a period of ischemia, a reduction in the ability of albumin to bind cobalt is apparent and hence the levels of IMA increase. Studies have demonstrated that IMA is a marker of ischemia, and oxidative stress originates as a consequence of tissue hypoxia [14] [15] [16] . We believe that with the institution of therapy, the oxidative stress decreases, subsequently decreasing the IMA values as seen in our study. Stroke remains the biggest cause of death worldwide and hence it is essential to recognize the symptoms early. As thrombolytic therapy represents the gold standard for acute ischaemic stroke treatment, it is essential that we have a biomarker at the primary care level to make some diagnostic decision so that the patient reaches the hospital in the window period. Biomarkers definitely will add further information in the diagnosis, thereby complementing the early admission of the patient to specialized stroke care.
In conclusion, our study demonstrated that IMA may be a sensitive, rapid and cost effective biomarker for screening of early ischaemic stroke, particularly in the rural settings. Further, well-designed validation studies are required for the development of blood biomarkers to improve the care of patients with ischaemic stroke.
